Five stromal-cell-dependent lymphocyte clones are described that correspond to late pre-B or early B-cell 
However, one pre-B clone (1A9) grew autonomously in culture when held at high density, responded to conditioned medium from a number of cell lines, and was tumorigenic. Tumors derived from this clone were infiltrated by stromal cells and lymphocytes taken from the tumors' retained characteristics of the original clone. Ly-6 antigens were inducible on 2E8 and 1A9 cells, but the lymphocytes were otherwise arrested in differentiation. The 2E8 cells had rearranged and expressed n: light-chain genes but displayed them on clones (Cooper et al., 1986; Wu et al., 1990;  and this was just detectable on one clone (2H6) and clearly positive on three others (2E8, 3A6 and 2G5). Only the 1A9 clone expressed the integral membrane proteoglycan Syndecan, which has previously been found on pre-B cells (Sanderson et al.,. 1989 ).
The 70Z/3 pre-B lymphoma line has been extensively studied as a model of inducible n: light-chain expression (Paige et al., 1978 (Sakaguchi and Melchers, 1986; Zimmerman et al., 1986; Bender and Kuehl, 1987; Park and Osmond, 1987) . Selected probes were used to compare transcripts from our lymphocyte clones and several transformed cell lines by Northern blot analysis (summarized in Table 2 and selected examples shown in Fig. 1 ). B29 is a member of the Ig superfamily that is highly specific for B-lineage cells (Hermanson et al., 1988a) and has sequence similarity to an Ig-associated protein (Reth, 1989) . It was expressed at a high level in all of these cells. More variable were levels of transcripts for B37, which is thought to encode a protein with homology to nuclear oncogenes (Hermanson et al., 1988b; Wall, manuscript in preparation (Wu et al., 1990) . BP-1 mRNA was most abundant in 2E8 cells that were strongly positive for the BP-1 antigen (Table 2 and Fig. 1) .
A lymphocyte tyrosine kinase ,lck) was expressed by all of the lymphocyte clones, albeit in different amounts, whereas transcripts for a B-cell-specific tyrosine kinase (btk) were detectable only in 2E8 cells (Fig. 1) . Products of these genes may be important for signal transduction in normal lymphocytes and are expressed at variable levels in established cell lines (Garvin et al., 1988; Dymecki et al., 1990) .
Altered expression of two protooncogenes has been associated with the transition of pre-B cells to B cells (Zimmerman et al., 1986; Bender and Kuehl, 1987) . One of our B-cell clones contained an N-myc transcript, consistent with its retention of most other pre-B characteristics. N-myc mRNA was also detectable in the 1A9 pre-B-cell clone (Fig. 1) . All of our clones expressed myb mRNA, whose transcription level drops dramatically in newly formed B cells (Bender and Kuehl, 1987 (Haustein'and Von der Ahe, 1986; Hombach et al., 1988; Campbell and Cambier, 1990; Chen et al., 1990; Hombach et al., 1990; Wienands et al., 1990) . Little is known about their utilization on pre-B cells and this question was addressed with two of our new lymphocyte clones. These proteins were detectable only in digitonin (Oettgen et al., 1986) lysates ( Fig. 2A) (Nishi et al., 1982 (Lee et al., 1989) .
Similarly, most of our lymphocyte clones survived DISCUSSION for only short periods when removed from stromal cells and cultured with this cytokine (Fig. 4) Thorough ch,aracterization of these lymphocyte
The 1A9 clone was found to be capable of auto-clones with monoclonai antibodies and cDNA nomous growth above a critical cell concentration probes revealed that quantitative, rather than quali- (Fig. 6 ). This was not the case with any of our other tative, changes in gene expression may occur as lymphocyte clones, but is similar to one recently maturing cells make the transition from pre-B cells described in another laboratory (Lemoine et Ahe, 1986; Hombach et al., 1988; Campbell and clones used for this study is their apparent ability to Cambier, 1990; Chen et al., 1990; Hombach et al., make IL-7 (Gimble et al., 1989b) . Little or no mRNA 1990; Takemori et al., 1990; Wienands et al., 1990 ).
for IL-7 was detected in preparations of our spleen-These are most easily visualized by use of digitonin derived stroma] cells and the lymphocyte clones did in the membrane-extraction procedure and a comnot grow well on them. However, we caution that plex of 33-36 kD was detectable with our biotinlevels of the transcript for this cytokine are always labeling procedure using the W279 B.lymphoma line at the limit of detection and can fluctuate with time (Fig. 1B) . Similar analysis of one pre-B-and one following subculture of stromal cells. Furthermore, newly formed B-cell clone indicated that fewer Igat least one stromal-cell subclone can actively sup-associated species are displayed on the surface of press lymphocyte growth . these immature cells. It is possible that this differNishikawa and colleagues found that two of four ence is due to technical limitations in labeling low stromal-cell-dependent lymphocyte clones grew on a numbers of such molecules on the surface of pre-B stromal-cell clone that does not make, and cannot be cells and experiments are underway to address that induced to make, IL-7 (Nishikawa et al., 1988 ; Sudo possibility. Such Ig-associated proteins are thought et al., 1989) . Until experiments with neutralizing to participate in signal transduction via antigen antibodies are performed, .we believe it unwise to receptors on B cells similar to the function of the attribute all proliferative activity to IL-7.
CD3 complex on T cells (Oettgen et al., 1986) . At Our 1A9 cells share an interesting feature previ-least one of them (MB 1; B34; IgMcz) is required for ously found in only some murine and human pre-B surface display of immunoglobulins on plasma cells lymphoma lines (Paige et al., 1981; Hardy et al., (Hombach et al., 1990 (Sanderson et al., 1989) .
Lymphocytes grown in conventional long-term cultures only rarely form tumors and only after being maintained for longer than 6 months (Whitlock et al., 1984) . Of the lymphocyte clones that we tested, only 1A9 was consistently tumorigenic. There is precedent for lymphocyte lines that depend on host-derived cytokines for tumor formation (Lasky and Thorbecke, 1989) (Witte et al., 1987) , is unknown but could be explained in terms of chemotactic factors concentrated beneath stromal cells, or a polarization or redistribution of stromal-cell membranes.
We expect that these and other lymphocyte clones isolatecl from long-term bone marrow cultures will be valuable for detecting regulatory cytokines and for investigating stromal-cell functions. They may also be exploited in studies of the molecular events that occur as lymphoid cells progress from a normal to transformed phenotype. Finally, clones that span the pre-B-to B-cell transition stages provide an opportunity to explore mechanisms that control the surface display of surrogate light chains and other -chain-associated proteins.
MATERIALS AND METHODS
Establishment and Maintenance of Lymphocyte Clones Long-term bone marrow cultures from immunodeficient BALB/c.xid or normal BALB/c mice were prepared and maintained as described in our previous publications Hayashi et al., 1989) . Lymphocyte clones were derived by limiting dilution on stromal-cell layers prepared from CBA/ HT6T6 marrow. They were routinely maintained throughout this study on stromal-cell clones or with recombinant IL-7. Generally, stromal cells (approximately 105 were plated the night previously in 100-mm dishes (Corning) 
Cell-Surface Labeling and Immunoprecipitation
Cells were surface-labeled by a novel biotinylation procedure (Miyake et al., 1990; Miyake, in preparation Northern blots were prepared and analyzed as in our previous publications (Gimble et al., 1989b; Gimble et al., 1990 (Williams, 1987 (Witte et al., 1987) with monoclonal KMA1.4 antibodies to stromal cells (K. Miyake, manuscript in preparation).
Responsiveness to Cytokines
Survival and proliferation of lymphocytes were assessed by direct counting with Trypan blue due, by MTT assay (Mosmann, 1983) , and by 3H thymidine incorporation . A survey was made to determine if the IL-7-dependent 2E8 clone is responsive to other recombinant cytokines.
These included IL-1 (from Genzyme 100 U/ml), (from Genzyme, 10U/ml), (donated by   Immunex, 10-1,000 U/ml), (Immunex, 20-100 U/ml), (donated by Dr. K. Takatsu, 10-100 U/ml), (donated by Genetics Institute, 1/10 dilution), and G/M-CSF (Immunex, 25-100 U/ ml). As additional sources of CSFs, we tested conditioned medium prepared from L cells and WEHI-3 cells.
Preparation of Conditioned Media
Confluent cultures of stromal cells were generated in 100-mm dishes and all medium was aspirated and replaced with 5 ml of Whitlock-Witte medium. After an additional 7 days of culture, conditioned medium was harvested and centrifuged at 5000rpm for 10min to remove cells and debris. Lymphocyte s were harvested and washed four times with medium to remove residual cytokines. Those maintained on stromal-cell feeder layers were also passed through a G10 Sephadex column to remove any contaminating stromal cells. The cells were cultured at 5 xl0 cells per ml, 2 ml per well in Corning 24 well plates and conditioned medium collected after 48 h. The conditioned medium was centrifuged at 5000rpm for 10min to remove dead cells and debris. All conditioned mediums were stored at 4C until assayed at final concentrations of 10-25% total volume. (Accepted October 12, 1990) 
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